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Hofmeister series	of	anions

Hofmeister series	of	cations

“Recent theoretical study has confirmed that
the solvation energy between the ion and
surrounding water molecules underlies the
mechanisms of Hofmeister series”

Adreev et al. 2017, 2018, J. Phys. Chem. B



Experimental	Findings



Methodology
Car	Parrinello Molecular	Dynamics	and	CPMD	code	to	generate	the	time	dependent	trajectories

Wavelet	analysis	for	frequency	calculation

1. Vibrational	spectral	diffusion

1. Frequency-frequency	time	correlation
2. Hole	Burning	technique

2. Population	correlation	approach

1. Hydrogen	bond	dynamics
2. Orientational relaxation
3. Residence	dynamics
4. Dielectric	Relaxation	(electric	field	fluctuation)
5. Power	spectra	:	velocity-velocity	auto	correlation	function	approach

3. Diffusion

A. Karmakar et al. Chem. Phys. 2013, JPCB, 2015, JCP, 2015, Chem. Phys. 2015, J. Mol. Liq. 2019, J. Comp. Chem. Under Review, 2019



Experimental	Findings Aqueous	Bromide	and	Iodide	ion	Solutions





Ø The	ion	water	hydrogen	bond	dynamics	is	faster	with	
respect	to	the	water-water	HB	dynamics.

Ø The	residence	time	of	the	ion	in	the	solvation	shell	of	
the	is	noticeable:	Ions	appears	as	an	structure	breaker	
in	this	case	(Chaotropic Properties).

Ø Dispersion	interaction	produces	faster	dynamics.

A. Karmakar et al., Chem. Phys, 412, 13-21 (2013) A. Karmakar and A. Chandra, Chem. Phys, 418, 1-8 (2015)

Aqueous	Bromide	ion	Solutions



Ø I- ---water	HB	bond	is	weaker	w.r.t the	water-water	HB	bond.
Ø The	hydrogen	bond	lifetime	is	found	to	be	slower	w.r.t the	dilute	

soln.	
Ø Effect	of	concentration	on	the	HB	lifetime	and	dynamics	is	clear.	

A. Karmakar and A. Chandra, J. Phys. Chem. B, 119, 8561-8572 ( 2015)

Aqueous	Iodide	ion	Solutions



A. Karmakar, J. Mol. Liq., 279, 306-316 (2019)

Ø The	strength	of	HB	bond		is	low	at	the	supercritical	condition	w.r.t the	results	obtained	at	ambient	
condition.

Ø Polarity	of	the	Sc-water	will	be	different	and	that	will	effect	the	hydrophilic	property	of	liq.	Water	at	the	
Sc condition.

Ø The	ion-water	hydrogen	bond	is	stronger	in	case	of	I- ion.	
Ø The	water-water	HB	bond	is	effected	more	in	case	of	the	I- ion	w.r.t the	Br- ion.

Supercritical	Aqueous	Bromide	and	Iodide	ion	Solutions



A. Karmakar, J. Mol. Liq., 279, 306-316 (2019)

Ø Spectral	diffusion	in	the	solvation	shell	of	the	ion	shows	
complicated	dynamics	through	several	decay	channels.

Ø The	ion-water	hydrogen	bond	dynamics	gets	slower	from	high	to	
low	density	solution	and	from	Br- to	I- ions.

Ø The	interacting	nature	of	ion-water	is	found	to	show	opposite	
behavior	at	the	supercritical	condition



Aqueous	Azide Ion	Solutions	at	ambient	condition

Ø Azide – ion	water	HB	strength	are	of	the	same	order	of	water	–water	
HB	strength.

Ø Faster	HB	dynamics	observed	with	increasing	concentration

A. Karmakar and A. Chandra, J. Chem. Phys. 2015, 142 (16), 1654505-10 



Ø Spectral	diffusion	of	heavy	water	inside	the	solvation	shell	of	azide
ion	appears	as	a	complicated	process.

Ø Spectral	diffusion	is	found	to	decay	with	several	other	decay	
channels,	such	as	through	intact	ion-water	motion,	hydrogen	bond	
dynamics,	orientational relaxation	and	residence	dynamics.

Ø Inclusion	of	dispersion	interaction	is	found	to	produce	a	faster	
vibrational	spectral	diffusion.

A. Karmakar and A. Chandra, J. Chem. Phys. 2015, 142 (16), 1654505-10 

Spectral	diffusion	of	liquid	water	in	the	
vicinity	of	azide ion	in	dilute	solution



Ø Spectral	diffusion	of	bulk	water	occurs	via	
hydrogen	bond	decay	channel.	

Ø The	effect	of	ion	is	local.

Ø Spectral	diffusion	of		azide ion	occurs	via	hydrogen	bond	
decay	channel.	

Ø The	first	short	time	scale	stands	for	intact	ion-water	motion

A. Karmakar and A. Chandra, J. Chem. Phys. 2015, 142 (16), 1654505-10 



A. Karmakar, J. Comp. Chem., Under Review, 2019

Ø The	water-water	HB	bond	is	effected	more	at	lower	
density.

Ø Stochastic	interaction	will	be	less	at	lower	density	
between	the	hydrogen	bond	forming	sites.

Ø Local	density	effect	is	well	captured	using	the	model.

Aqueous	Azide Ion	Solutions	at	
supercritical	condition



A. Karmakar, J. Comp. Chem., Under Review, 2019

Ø The	spectral	diffusion	of	water	molecule	is	a	complicated	phenomena	in	the	solvation	shell	of	azide ion.
Ø Spectral	diffusion	occurs	in	multiple	decay	channels:	1st short	time	scale	stands	for	the	inertial	motion,	2nd long	time	scale	stands	

for	the	life	time	of	HB	bond	and	3rd time	scale	corresponds	to	the	residence	dynamics.
Ø For	all	modes,	spectral	diffusion	for	high	density:	1st short	time	scale	is	for	inertial	motion	and	the	2nd time	scale	corresponds	to	

the	water	– water	HB	dynamics.
Ø For	low	density	dilute	solution,	the	observations	are	reversed	for	all	modes	

Spectra	diffusion	of	Sc water	in	the	vicinity	of	azide ion



A. Karmakar, J. Comp. Chem., Under Review, 2019

Ø The	spectral	diffusion	of	azide ion	is	a	complicated	phenomena.
Ø Spectral	diffusion	occurs	in	multiple	decay	channels:	1st short	time	scale	stands	for	the	inertial	motion	and	2nd long	time	scale	

stands	for	the	life	time	of	HB	bond	for	all	cases.	

Spectra	diffusion	of	of	azide ion



A. Karmakar, J. Comp. Chem., Under Review, 2019

Ø The	spectral	diffusion	data	has	been	correlated	with	the	dielectric	fluctuation	of	the	solvating	medium	for	both	the	azide and	water	
molecules.

Ø For	the	water	molecules	we	observed	a	break	down	in	the	correlation	of	collective	and	local	electric	field	fluctuations	with	increasing	
density.

Ø This	finding	has	been	confirmed	by	the	calculated	dipole	moment	values	of	water	at	the	Supercritical	condition.
Ø For	the	azide molecular	ion,	the	effect	of	the	ion	is	collective	as	it	is	a	charged	ion.
Ø The	electric	field	fluctuations	on	the	terminal	nitrogen	atom	is	due	to	the	hydrogen	bond	dynamics	of	the	surrounding	water	molecules.	

Electric	field	fluctuation	of	azide ion	and	Sc-water



1.	First	Principle	methodology	has	been	proposed	to	model	the	structure	
and	dynamical	properties	of	aqueous	ionic	solutions.

2.	Structural	dynamical	properties	have	been	correlated	with	the	spectral	
diffusion	data	of	the	fluctuating	aqueous	ionic	solutions.

3.	The	proposed	first	principle	methodology	was	able	to	capture	the	
hydrophobic	and	hydrophilic	nature	of	the	aqueous	ionic	solutions	at	different	
thermodynamic	condition	and	was	able	to	explain	these	behaviors	from	first	
principle	study.	

4.	Aqueous	iodide	ion	solution	appeared	as	hydrophilic	in	nature	w.r.t the	
aqueous	bromide	ion	and	aqueous	azide ion	solution	at	the	supercritical	
condition.

5.	The	proposed	model	was	able	to	explain	the	reason	behind	the	observed	
Hofmeister series	effect	for	Br- and	I- ion	in	terms	of	ion-water	interactions	
from	the	first	principle	study.

Conclusion





A	theory	guided	approach	towards	the	
development	of	highly	efficient	redox	flow	cell

Anwesa	Karmakar

Rangachary Mukundan,	Ping	Yang	and	Enrique	R.	Batista

Phys. Chem. Chem. Phys., Under Review, 2019
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Motivation

(Catholyte) (Anolyte)

Overall	reaction



Experimental	Findings



Difficulties	to	solve	the	problem



Activity	coefficient	is	the	measurement	of	
the	non-ideality	present	in	a	solution

Phys. Chem. Chem. Phys., Under Review, 2019

3-Suffix	Margule Function



Phys. Chem. Chem. Phys., Under Review, 2019



Phys. Chem. Chem. Phys., Under Review, 2019



Phys. Chem. Chem. Phys., Under Review, 2019



Phys. Chem. Chem. Phys., Under Review, 2019



Phys. Chem. Chem. Phys., Under Review, 2019



Sigmaprofile can be
correlated qualitatively
with the solubility order
of metal complex

Phys. Chem. Chem. Phys., Under Review, 2019



Phys. Chem. Chem. Phys., Under Review, 2019



Phys. Chem. Chem. Phys., Under Review, 2019



Ligand	induced	charge	density	is	reducing	on	the	metal	center	upon	decreasing	the	solubility	of	it	in	Acetonitrile
Phys. Chem. Chem. Phys., Under Review, 2019



Duel solute effect is a
consequence of Gibbs-Duhem
relation for a binary mixture
within the COSMOSAC-LANL
model

Phys. Chem. Chem. Phys., Under Review, 2019



Phys. Chem. Chem. Phys., Under Review, 2019



Phys. Chem. Chem. Phys., Under Review, 2019



Metal	complex	solubility	in	Organic	solvents



Thompson et. al., J. Mat. Chem. A, 2015, 2017

Solubility	order

Phys. Chem. Chem. Phys., Under Review, 2019



Solubility	of	V(acac)3 in	different	organic	solvents



Conclusions



“Historically, metal acetylacetonates are significant since they were among the earliest metal
compounds which were recognized as what later became known as coordination compounds.
Additionally, they were significantly investigated during WWII as potentially useful in the separation of
isotopes, especially of uranium because of their unexpected volatility.” -------- Evrim Arslan et al., 2016

Other	Applications
Solvent	extraction	in	Hydrometallurgy	in	Nuclear	Industry	

Applications	in	Pharmaceuticals	------- Mettalodrugs

“Transition metal complexes offer two distinct advantages as DNA-binding agents. First and foremost,
transition metal centers are particularly attractive moieties for reversible recognition of nucleic acids
research because they exhibit well-defined coordination geometries. Besides, they often show distinct
electrochemical or photophysical properties, thereby increasing the functionality of the binding agent. In
fact, these smart features have fueled the complexes to be used in a broad spectrum of applications,
from fluorescent markers to DNA footprinting agents, to electrochemical probes.”------ Natarajan Raman
et al. 2016

Solvent	extraction	in	Hydrometallurgy	in	Mining	or	Recycling	
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